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DATA TRANSKFER APPARATUS, DATA
TRANSFER METHOD, AND RECORDING
MEDIUM HAVING DATA TRANSFER
PROGRAM RECORDED

CROSS-REFERENCE TO RELAT
APPLICATIONS

gs
w

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2007-
2441177, filed on Sep. 20, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

An aspect of the invention 1s related to a data transfer
apparatus, a data transfer method and a recording medium
having a data transfer program recorded thereon, by which
pieces of untransmitted data are extracted from a plurality of
contents as transmission targets and transmitted to a plurality
of mobile terminals through a transmission line, respectively.

2. Description of the Related Art

With advances such as smaller size and higher function of
terminals such as portable phones, personal computers or
PDAs 1n recent years, and the development of wireless net-
work technology, various content which could be used here-
tofore only 1n a wired environment have been used easily also
in a mobile environment such as the outdoors or travel desti-
nation. For example, digitization of paper manuals and stor-
age of these digitized manuals mto a server unit have been
conducted 1n a maintenance service of a company. Thus,
when a worker uses a mobile terminal to access the server unit
to download contents from the server unit to the mobile
terminal, the worker can acquire necessary contents easily
from travel destination. As a result, 1t 1s not necessary for the
worker to carry a large amount of paper manuals with him/her
anymore.

On the other hand, as the size (data capacity) of contents to
be downloaded increases, download time from the start of
download to the end of download increases. That 1s, the
worker cannot use the contents unless the download 1s com-
pleted. For example, 1n a maintenance service of a company,
the worker needs to go to a customer’s place and repair a
product as soon as the worker accepts a customer’s request to
repair the product. If the worker cannot depart before comple-
tion ol the download, however, this leads to lowering of
quality of the maintenance service. In addition, even 1f the
worker started the download after arrival at the customer’s
place, the download would take a long time. Consequently,
the start of the work repairing the product would be late,
causing a lowering of quality of the maintenance service.

Therelore, there has been known a technique 1n which a
worker neither departs after completion of a download nor
starts the download after arrival at a destination. The worker,
rather, starts the download during the worker’s travel, 1n order
to complete the download before arriving at the destination.
Specifically, the worker first registers travel schedule infor-
mation about a departure place, a travel destination, a travel
start time, a travel means, etc. into a distribution center 1n
advance. The distribution center calculates an estimated time
of arrtval based on the registered travel schedule information.
The distribution center calculates a distribution time based on
the estimated time of arrival and distributes contents to a
mobile terminal at the time point when the current time just
comncides with the distribution time 1n accordance with a
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timer. Thus, the worker can use the contents as soon as the
worker arrives at the destination.

Such a technique has been disclosed, for example, 1n JP-A-
2001-298775, JIP-A-2003-158777 and JP-A-2004-193995.

In the related-art method, however, only the timing for
starting distribution of the contents 1s controlled. Accord-
ingly, in the case where, for example, the moving velocity of
the mobile terminal increased during download, there was a
possibility that the download would not be completed when
the user of the mobile terminal arrived at the destination. In
addition, 1n the case where, for example, another mobile
terminal started downloading during the download, there was
a possibility that the download would not be completed when
the user of the mobile terminal arrived at the destination,
because part of a total bandwidth of a communication line had
been already spent by the other mobile terminal’s download.

SUMMARY OF THE INVENTION

The mvention was accomplished 1n consideration of the
foregoing problems. An object of the invention is to provide a
data transier apparatus, a data transier method and a record-
ing medium having a data transfer program recorded thereon,
by which a mobile terminal can complete download of con-
tents before a user of the mobile terminal arrives at a desti-
nation even when the moving velocity of the mobile terminal
increases during the download or even when another mobile
terminal starts download during the download.

According to an aspect of the invention, a data transfer
apparatus includes a data transmitting portion which extracts
pieces ol untransmitted data from a plurality of contents as
transmission targets respectively and transmits the extracted
pieces of untransmitted data to a plurality of mobile terminals
respectively through a communication line, a destination
point recording portion on which destination point informa-
tion expressing destination points as travel destinations of
users of the mobile terminals 1s recorded, an arrival time
calculating portion which acquires current position informa-
tion expressing current positions of the mobile terminals and
current time information expressing a current time at intervals
ol a predetermined time 1n order to calculate latest moving
velocities of the mobile terminals based on the current posi-
tion information and the current time information acquired at
the previous time and the current position information and the
current time information acquired at this time, and then to
calculate estimated times of arrival as estimated times that the
users of the mobile terminals will arrtve at the destination
points, based on the calculated moving velocities of the
mobile terminals and distances from the current positions of
the mobile terminals to the destination points, a required
transier rate calculating portion which calculates required
data transfer rates necessary for the mobile terminals to com-
plete download of the pieces of untransmitted data before the
users of the mobile terminals arrive at the destination points,
based on times obtained by subtracting the current time from
the estimated times of arrival calculated by the arrival time
calculating portion and data capacities of the pieces of
untransmitted data, and an occupied transier rate calculating
portion which assigns required bandwidths for achievement
of the required data transier rates to the respective mobile
terminals 1n order of estimated time of arrival to prevent the
sum of the required bandwidths from exceeding a total band-
width of the communication line to thereby calculate occu-
pied data transfer rates to be really used for the respective
mobile terminals based on the assigned required bandwidths,
wherein the data transmitting portion transmits the pieces of
untransmitted data to the respective mobile terminals through
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the communication line 1n accordance with the respective
occupied data transier rates calculated by the occupied trans-
fer rate calculating portion.

According to an aspect of the invention, a data transfer
method executed by a computer which includes a destination
point recording portion with recorded destination point infor-
mation expressing destination points as travel destinations of
users of mobile terminals and which extracts pieces of
untransmitted data respectively from a plurality of contents as
transmission targets and transmits the extracted pieces of
untransmitted data respectively to the plurality of mobile
terminals through a communication line, includes the opera-
tions of using an arrival time calculating portion provided in
the computer to acquire current position information express-
ing current positions of the mobile terminals and current time
information expressing a current time at intervals of a prede-
termined time to thereby calculate latest moving velocities of
the mobile terminals based on the current position informa-
tion and the current time information acquired at the previous
time and the current position information and the current time
information acquired at this time, and then to calculate esti-
mated times of arrival as estimated times that the users of the
mobile terminals will arrive at the destination points, based on
the calculated moving velocities of the mobile terminals and
distances from the current positions of the mobile terminals to
the destination points (the arrival time calculating operation),
using a required transfer rate calculating portion provided in
the computer to calculate required data transfer rates neces-
sary for the mobile terminals to complete download of the
pieces ol untransmitted data before the users of the mobile
terminals arrive at the destination points, based on times
obtained by subtracting the current time from the estimated
times of arrival calculated in the arrival time calculating
operation and data capacities of the pieces of untransmitted
data (the required transier rate calculating operation), using
an occupied transier rate calculating portion provided 1n the
computer to assign required bandwidths for achievement of
the required data transfer rates to the respective mobile ter-
minals 1n order of estimated time of arrival to prevent the sum
of the required bandwidths from exceeding a total bandwidth
of the communication line to thereby calculate occupied data
transier rates to be really used for the respective mobile ter-
minals, based on the assigned required bandwidths (the occu-
pied transfer rate calculating operation), and using a data
transmitting portion provided 1n the computer to transmit the
pieces of untransmitted data to the respective mobile termi-
nals through the commumnication line in accordance with the
respective occupied data transfer rates calculated 1n the occu-
pied transier rate calculating operation (the data transmitting,
operation).

According to an aspect of the invention, a recording
medium with a recorded data transfer program in the mven-
tion 1s a recording medium with a data transfer program
stored therein and executed by a computer which includes a
destination point recording portion with recorded destination
point information expressing destination points as travel des-
tinations of users of mobile terminals, includes a data trans-
mitting process ol extracting pieces ol untransmitted data
from a plurality of contents as transmission targets respec-
tively and transmitting the extracted pieces of untransmitted
data to the plurality of mobile terminals respectively through
a communication line, an arrival time calculating process of
acquiring current position mformation expressing current
positions of the mobile terminals and current time informa-
tion expressing a current time at intervals of a predetermined
time to thereby calculate latest moving velocities of the
mobile terminals based on the current position information
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4

and the current time information acquired at the previous time
and the current position imnformation and the current time
information acquired at this time, and then to calculate esti-
mated times of arrival as estimated times that the users of the
mobile terminals will arrive at the destination points, based on
the calculated moving velocities of the mobile terminals and
distances from the current positions of the mobile terminals to
the destination points, a required transier rate calculating
process of calculating required data transier rates necessary
for the mobile terminals to complete download of the pieces
of untransmitted data before the users of the mobile terminals
arrive at the destination points, based on times obtained by
subtracting the current time from the estimated times of
arrival calculated 1n the arrival time calculating process and
data capacities of the pieces of untransmitted data, and an
occupied transfer rate calculating process of assigning
required bandwidths for achievement of the required data
transier rates to the respective mobile terminals 1n order of
estimated time of arrival to prevent the sum of the required
bandwidths from exceeding a total bandwidth of the commu-
nication line to thereby calculate occupied data transfer rates
to be really used for the respective mobile terminals based on
the assigned required bandwidths, wherein the data transmit-
ting process 1s for transmitting the pieces of untransmitted
data to the respective mobile terminals through the commu-
nication line 1n accordance with the respective occupied data
transier rates calculated in the occupied transier rate calcu-
lating process.

The above-described embodiments of the present inven-
tion are imtended as examples, and all embodiments of the
present invention are not limited to including the features
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the configuration of a
data transier apparatus according to a first embodiment of the
invention together with the configuration of a whole system
including the data transier apparatus;

FIG. 2 1s a table showing an example of data recorded on a
destination point recording portion at a time point 9:32;

FIG. 3 1s a table showing an example of data recorded on a

transmission information recording portion at the time point
9:32;

FIG. 4 1s a view showing current positions of mobile ter-
minals at a time point of 9:35;

FIG. 5 1s a flow chart showing an example of operation of
a registration portion;

FIG. 6 1s a view showing an example of a registration
screen displayed on a display screen of a mobile terminal and
provided for entering route information;

FIG. 7 1s a table showing an example of data of the desti-
nation point recording portion in which route information has
been registered by the registration portion;

FIG. 8 1s a view showing an example of a registration
screen displayed on a display screen of a mobile terminal and
provided for entering contents request information;

FIG. 9 1s a table showing an example of data of the trans-
mission information recording portion in which contents
request information and contents size information have been
registered by the registration portion;

FIG. 10 1s a tlow chart showing an example of operation of
an arithmetic operation portion;

FIG. 11 1s a table showing an example of data of the
destination point recording portion 1n which estimated times
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of arrival, current position information and times of acquisi-
tion of current positions have been registered by an arrival
time calculating portion;

FIG. 12 1s a table showing an example of data of the
transmission information recording portion in which required
data transier rates have been registered by a required transier
rate calculating portion;

FIG. 13 1s a flow chart showing an example of operation of
an occupied transier rate calculating portion;

FIG. 14 1s a table showing an example of data of the
transmission information recording portion in which occu-
pied data transier rates have been registered by the occupied
transier rate calculating portion;

FI1G. 15 1s a flow chart showing an example of operation of
a data transmitting portion;

FIG. 16 1s a view showing current positions of the mobile
terminals at a time point 9:37;

FIG. 17 1s a table showing an example of data of the
destination point recording portion in which estimated times
of arrival, current position information and times of acquisi-
tion of current positions have been registered by the arrival
time calculating portion;

FIG. 18 1s a table showing an example of data of the
transmission information recording portion in which required
data transier rates have been registered by the required trans-
fer rate calculating portion;

FIG. 19 1s a table showing an example of data of the
transmission mformation recording portion in which occu-
pied data transier rates have been registered by the occupied
transier rate calculating portion;

FIG. 20 1s a view showing current positions of the mobile
terminals at a time point 10:09;

FIG. 21 1s a table showing an example of data of the
transmission information recording portion in which an occu-
pied data transfer rate has been registered by the occupied
transier rate calculating portion;

FI1G. 22 15 a block diagram showing the configuration of a
data transier apparatus according to a second embodiment of
the invention, together with the configuration of a whole
system 1including the data transfer apparatus; and

FI1G. 23 1s a table showing an example of data recorded on
a time iformation recording portion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference may now be made 1n detail to embodiments of
the present mnvention, examples of which are illustrated 1n the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

First Embodiment

FIG. 1 1s a block diagram showing the configuration of a
data transfer apparatus 1 according to the embodiment and
the configuration of a whole system including the data trans-
ter apparatus 1. The data transfer apparatus 1 shownin FIG. 1
1s connected to a communication line N. Although the
embodiment will be described for the case where the com-
munication line N 1s the Internet by way of example, the kind
of the communication line N 1s not particularly limited but
may be an Ethemnet (registered trademark), a wireless LAN,
or the like.

A position mnformation service center 2 and mobile termi-
nals 3a and 35 are further connected to the communication
line N. The position information service center 2 1s a center
which provides various position information services to users
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as long as current position information expressing current
positions of the mobile terminals 3a and 35 and phone num-
bers of the mobile terminals 3a and 356 are stored in the
position information service center 2 while the current posi-
tion information 1s associated with the phone numbers of the
mobile terminals 3a and 35. Fach of the mobile terminals 3a
and 3b 1s a wirelessly communicable terminal such as a por-
table phone, a PHS (Personal Handyphone System), a PDA
(Personal Digital Assistant), an HH'T (Hand Held Terminal),
a notebook-type personal computer, a tablet-type personal
computer or a portable game machine. Fach of the mobile
terminals 3a and 35 according to the embodiment has a GPS
(Global Positioning System) function. With this function, the
mobile terminals 3a and 35 transmit the current position
information expressing the current positions of the mobile
terminals 3a and 35 to the position information service center
2 inreal time. Thus, the current position information stored 1n
the position information service center 2 1s ceaselessly
brought up to date.

Although FIG. 1 shows the case where there 1s one data
transier apparatus 1, one position information service center
2 and two mobile terminals 3a and 35 for the sake of simpli-
fication of description, the respective numbers of data transter
apparatuses, position information service centers and mobile
terminals connected to the communication line N are arbi-
trary. Other devices such as a WWW (World Wide Web)
server, a DNS (Domain Name System) server, a DHCP (Dy-
namic Host Configuration Protocol) server and a user termi-
nal may be connected to the communication line N 1in addition
to the data transfer apparatus 1, the position information
service center 2 and the mobile terminals 3a and 35.

Moreover, a contents database (hereinafter referred to as
“contents DB”) 4 and a terminal information database (here-
inafter referred to as “terminal information DB™) 5 are con-
nected to the data transfer apparatus 1. A plurality of contents
and contents-related information associated with each of the
plurality of contents are stored 1n the contents DB 4. Inciden-
tally, the contents are a mass ol information containing a
plurality of pieces of data. The contents-related information 1s
information such as a contents file name, contents size infor-
mation (total data capacity) and a contents creator name.
Terminal IDs for identifying the terminals 3@ and 35 and the
phone numbers of the mobile terminals 3a and 35 are stored
in the terminal information DB 5 while the terminal IDs are
associated with the phone numbers of the terminals 3a and 35.
Incidentally, the contents DB 4 and the terminal information
DB 5 may be included 1n the data transfer apparatus 1.

Incidentally, description will be made with an English low-
ercase character attached to each of the members, e.g. like
mobile terminal 3a, only when members having the same
function must be particularly distinguished from one another.
When members having the same function need not be par-
ticularly distinguished from one another or are named generi-
cally, description will be made with no English lowercase
character attached to each of the members, e.g. like mobile
terminal 3.

Configuration of Data Transfer Apparatus

The data transfer apparatus 1 includes a registration por-
tion 11, a destination point recording portion 12, a transmis-
sion mformation recording portion 13, an arithmetic opera-
tion portion 14, a timer 15, an occupied transier rate
calculating portion 16 and a data transmaitting portion 17.

The registration portion 11 recetves route information
transmitted from a mobile terminal 3. The route information
used herein 1s information expressing a route from a starting
point of a user carrying the mobile terminal 3 to a destination
point. That 1s, the route information includes a terminal 1D of
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the mobile terminal 3, starting point information expressing a
position of the starting point of the user, way point informa-
tion expressing a position of each way point of the user, and
destination point information expressing a position of the
destination point of the user. The registration portion 11 reg-
isters the recerved route information mnto the destination point
recording portion 12.

Moreover, the registration portion 11 receives contents
request information transmitted from the mobile terminal 3.
The contents request information used herein includes the
terminal ID of the mobile terminal 3 and a file name of
contents that the user desires to download. The registration
portion 11 accesses the contents DB 4 to thereby acquire size
information of the contents from the contents DB 4 based on
the file name of the contents. The registration portion 11
registers the received contents request mnformation together
with the acquired contents size information into the transmis-
s1on information recording portion 13.

After the registration portion 11 has registered the route
information in the destination point recording portion 12 and
has registered the contents request information and the con-
tents size information 1n the transmission information record-
ing portion 13, the registration portion 11 reports a calcula-
tion request event to the arithmetic operation portion 14. The
calculation request event 1s an event for requesting the arith-
metic operation portion 14 to calculate an estimated time of
arrtval and a required data transfer rate. Incidentally, the
estimated time of arrival 1s an estimated time that the user of
the mobile terminal 3 will arrive at the destination point. The
required data transfer rate 1s a transfer rate necessary for the
mobile terminal 3 to complete download of untransmitted
data before the user of the mobile terminal 3 arrives at the
destination point.

FI1G. 2 1s a table showing an example of data recorded on
the destination point recording portion 12 according to the
embodiment. As shown 1n FIG. 2, the terminal ID, the travel
route, the current position, the time of acquisition of the
current position, and the estimated time of arrival are
recorded on the destination point recording portion 12. Inci-
dentally, the current position, the time of acquisition of the
current position and the estimated time of arrival in the des-
tination point recording portion 12 are registered by the arith-
metic operation portion 14, as will be described later. When,
for example, the mobile terminal 3 1s an IP phone, the termi-
nal ID used herein 1s an IP address or an MAC address. In the
example shown 1n FIG. 2, “Id001” 1s recorded 1n the “termi-
nal ID” field. Incidentally, 1in this embodiment, the terminal
ID “Id001” 1s the terminal ID of the mobile terminal 3a.

The travel route 1s a route from the starting point of the user
carrying the mobile terminal 3a to the destination point. The
travel route 1s designated by latitude mformation and longi-
tude information. In the example shown 1n FIG. 2, the user
carrying the mobile terminal 3a starts from a starting point S
“1doS, ke1doS”, passes through a way point C “1doC, keidoC”
and a way point D “1doD, keidoD”, and moves to a destination
point A “1doA, keidoA” which 1s a destination of the travel.

The current position expresses the current position of the
mobile terminal 3a. The time of acquisition of the current
position 1s a time point that the current position information
expressing the current position of the mobile terminal 3a was
acquired. That 1s, in the example shown 1n FIG. 2, the user of
the mobile terminal 3a 1s located at a way point S1 “1doS1,
keidoS1” at a time point 9:32. In addition, “10:13” 1s recorded
in the “estimated time of arrival” field. Incidentally, although
only time points are recorded as the time of acquisition of the
current position and the estimated time of arrival in the
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example shown 1n FIG. 2, these time points may be recorded,
for example, together with dates.

FIG. 3 1s a table showing an example of data recorded on
the transmission information recording portion 13 according
to the embodiment. As shown 1n FIG. 3, a terminal ID, a file
name, a size, an untransmitted size, a required data transier
rate and an occupied data transfer rate have been recorded on
the transmission information recording portion 13. Inciden-
tally, the required data transfer rate 1n the transmission infor-
mation recording portion 13 1s registered by the arithmetic
operation portion 14, as will be described later. In addition,
the occupied data transier rate in the transmission informa-
tion recording portion 13 1s registered by the occupied data
transter rate calculating portion 16, as will be described later.
The file name used herein expresses a file name of contents to
be transmitted to the mobile terminal 3a.

The s1ze expresses a total data capacity of the contents to be
transmitted to the mobile terminal 3a. The untransmitted size
expresses a data capacity of untransmitted data which have
not been downloaded by the mobile terminal 3a yet, of the
contents to be transmitted to the mobile terminal 3a. Inciden-
tally, in the example shown 1n FIG. 3, the size and the untrans-
mitted size are expressed 1mn megabyte (MB). That 1s, in the
example shown in FIG. 3, data 01 4.9 MB 1n contents of “File
A’ having a total data capacity of 45 MB have been down-
loaded already by the mobile terminal 3¢ but the residual
untransmitted data o1 40.1 MB have not been downloaded by
the mobile terminal 3a vyet. Incidentally, the required data
transter rate and the occupied data transier rate are expressed
in KB/s. That 1s, in the example shown in FIG. 3, 16.3 KB/s
has been recorded 1n each of the “required data transier rate”
field and the “occupied data transfer rate” field.

The anthmetic operation portion 14 calculates an esti-
mated time of arrival and a required data transier rate in
accordance with a calculation request event reported by the
registration portion 11, registers the calculated estimated time
of arrival 1into the destination point recording portion 12, and
registers the calculated required data transfer rate into the
transmission information recording portion 13. Therefore,
the arithmetic operation portion 14 includes an arrival time
calculating portion 14a, and a required transter rate calculat-
ing portion 145.

The arrval time calculating portion 14a calculates an esti-
mated time of arrival. The estimated time of arrival 1s an
estimated time that the user of the mobile terminal 3 will
arrive at the destination point. Specifically, the arrival time
calculating portion 14a first extracts the terminal ID of the
mobile terminal 3 from the calculation request event reported
by the registration portion 11. The arrival time calculating
portion 14a accesses the terminal information DB 5 to
thereby acquire the phone number of the mobile terminal 3
from the terminal information DB 3§ based on the extracted
terminal ID.

The arrval time calculating portion 14a accesses the posi-
tion information service center 2 to thereby acquire current
position mnformation expressing the current position of the
mobile terminal 3 from the position information service cen-
ter 2 based on the acquired phone number. On this occasion,
the arrival time calculating portion 14a acquires current time
information expressing the current time from a time measur-
ing unit (not shown) provided 1n the data transier apparatus 1.
Incidentally, the time measuring unit has a function of mea-
suring the current time. For example, the time measuring unit
includes an RTC (Real Time Clock).

The arrival time calculating portion 14a calculates a latest
moving velocity of the mobile terminal 3 based on the current
position information and the current time information
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acquired at the previous time and the current position and the
current time information acquired at this time. Incidentally,
when, for example, the user carrying the mobile terminal 3
intends to begin to move from the starting point, that 1s, when
there 1s neither current position information nor current time
information acquired at the previous time, the arrival time
calculating portion 14a uses “30 km/h™ preset as a default
moving velocity of the mobile terminal 3.

The arrival time calculating portion 14a calculates an esti-
mated time of arrival based on the latest moving velocity of
the mobile terminal 3 and a distance from the current position
ol the mobile terminal 3 to the destination point. Specifically,
the arrtval time calculating portion 14a calculates an esti-
mated time of arrival 1n accordance with the following (Ex-
pression 1). Incidentally, the distance from the current posi-
tion of the mobile terminal 3 to the destination point 1s
measured by a well-known measurement method such as
spherical trigonometry. The arrival time calculating portion
14a registers the calculated estimated time of arrival, together
with the current position information expressing the current
position of the mobile terminal 3 and the time of acquisition
of the current position (current time), into the destination
point recording portion 12.

Estimated Time of Arrival=Current Time+(Distance
from Current Position of Mobile Terminal to
Destination Point+Moving Velocity of Mobile

Terminal) Expression 1

The required transfer rate calculating portion 145 calcu-
lates a required data transier rate which 1s necessary for the
mobile terminal 3 to complete download of untransmitted
data before the user of the mobile terminal 3 arrives at the
destination point. Specifically, the required transier rate cal-
culating portion 145 first acquires an untransmitted size
recorded on the transmission information recording portion
13 1n accordance with the calculation request event reported
by the registration portion 11. The required transier rate cal-
culating portion 145 calculates a required data transier rate
based on a time obtained by subtracting the current time from
the estimated time of arrival calculated by the arrival time
calculating portion 14a and the untransmitted size of the
untransmitted data. Specifically, the required transier rate
calculating portion 145 calculates a required data transier rate
in accordance with the following (Expression 2). The
required transier rate calculating portion 1456 registers the
calculated required data transier rate into the transmission
information recording portion 13.

Required Data Transfer Rate=Untransmitted Size+

(Estimated Time of Arrival-Current Time) Expression 2

After the arithmetic operation portion 14 has registered the
estimated time of arrival 1n the destination point recording
portion 12 and has registered the required data transier rate in
the transmission information recording portion 13, the arith-
metic operation portion 14 sets a time point (timer value) in
the timer 135 so that the arithmetic operation portion 14 wall
calculate an estimated time of arrival and a required data
transier rate next time at the time point set 1n the timer 15. In
the embodiment, the arithmetic operation portion 14 sets a
timer value for each mobile terminal 3. In addition, after the
arithmetic operation portion 14 has registered the estimated
time of arrival in the destination point recording portion 12
and has registered the required data transfer rate 1n the trans-
mission information recording portion 13, the arithmetic
operation portion 14 reports an assignment request event to
the occupied transter rate calculating portion 16. The assign-
ment request event 1s an event for requesting the occupied
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transter rate calculating portion 16 to calculate an occupied
data transfer rate to be really used.

The timer 15 counts the set timer value. When the set timer
value reaches “07, the timer 13 reports a calculation request
event (timer event) to the arithmetic operation portion 14.

The occupied transier rate calculating portion 16 assigns
required bandwidths for achievement of required data trans-
fer rates to a plurality of mobile terminals 3 respectively 1n
order of estimated time of arrival to prevent the sum of the
required bandwidths from exceeding a required total band-
width for achievement of the maximum data transfer rate of
the communication line N, so that the occupied transier rate
calculating portion 16 calculates the occupied data transier
rates to be really used respectively for the plurality of mobile
terminals 3 based on the assigned required bandwidths.

Incidentally, the maximum data transfer rate of the com-
munication line N has been recorded 1n advance 1n a memory
not shown but provided 1n the occupied transier rate calcu-
lating portion 16. In the embodiment, the maximum data
transier rate of the transmission line N 15 “30 KB/s”. Specifi-
cally, the occupied transfer rate calculating portion 16 {first
acquires the estimated time of arrival recorded on the desti-
nation point recording portion 12 1 accordance with the
assignment request event reported by the arithmetic operation
portion 14.

Moreover, the occupied transier rate calculating portion 16
acquires the required data transier rate recorded on the trans-
mission information recording portion 13, in accordance with
the assignment request event reported by the arithmetic
operation portion 14. The occupied transier rate calculating
portion 16 assigns required bandwidths for achievement of
required data transier rates to a plurality of mobile terminals
3 respectively 1n order of estimated time of arrival to prevent
the sum of the required bandwidths from exceeding a required
total bandwidth for achievement of the maximum data trans-
fer rate of the communication line N.

When the remaining bandwidth 1n the total bandwidth of
the communication line N 1s less than a required bandwidth
for achievement of the required data transfer rate to be
assigned, the occupied transier rate calculating portion 16
assigns the remaining bandwidth in the total bandwidth of the
communication line N, to the mobile terminal 3. The occu-
pied transfer rate calculating portion 16 assigns a bandwidth
“0” to any mobile terminal 3 following this mobile terminal 3.
The occupied transier rate calculating portion 16 calculates
occupied data transier rates based on the bandwidths assigned
to the plurality of mobile terminals 3 respectively. The occu-
pied transier rate calculating portion 16 registers the calcu-
lated occupied data transfer rates into the transmission infor-
mation recording portion 13.

The data transmitting portion 17 extracts pieces of untrans-
mitted data respectively from a plurality of contents as trans-
mission targets. The data transmitting portion 17 transmits
the extracted pieces of untransmitted data to the plurality of
mobile terminals 3 respectively through the communication
line N. Specifically, the data transmitting portion 17 first
acquires the occupied data transifer rates recorded on the
transmission information recording portion 13, for the mobile
terminals 3 respectively. In addition, the data transmitting
portion 17 accesses the contents DB 4 to extract pieces of
untransmitted data transmittable in one second from the
respective contents as the transmission targets. The data
transmitting portion 17 transmits the extracted pieces of
untransmitted data to the plurality of mobile terminals 3
respectively through the communication line N in accordance
with the occupied data transter rates. Incidentally, when any
of the mobile terminals 3 has completed download of con-
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tents, the data transmaitting portion 17 reports an assignment
request event to the occupied transfer rate calculating portion
16.

The aforementioned data transier apparatus 1 can be also
achieved by a program installed into any computer such as a
personal computer. That 1s, the registration portion 11, the
arithmetic operation portion 14, the timer 15, the occupied
transier rate calculating portion 16 and the data transmitting,
portion 17 are embodied by a CPU of the computer which
operates 1n accordance with the program for implementing
these functions. Accordingly, the program for implementing,
the functions of the registration portion 11, the arithmetic
operation portion 14, the timer 13, the occupied transter rate
calculating portion 16 and the data transmitting portion 17, or
a recording medium having the program recorded thereon 1s
also an embodiment of the invention. In addition, the desti-
nation point recording portion 12 and the transmission infor-
mation recording portion 13 are embodied by a storage device
built in the computer or a storage device accessible from the
computer.

Example of Operation of Respective Portions of Data
Transier Apparatus 1

Next, an example of operation of the respective portions of
the data transfer apparatus 1 according to the atorementioned
configuration will be described.

The case where the user carrying the mobile terminal 3a
with the terminal ID “Id001” starts from the starting point S,
passes through the way point C and the way point D and
moves to the destination point A which 1s a destination of
travel, as shown 1n FIG. 4, will be described below by way of
example. The case where a user carrying the mobile terminal
36 with a termunal ID “Id002” starts also from the starting
point S but at a time later than the user of the terminal mobile
3a, passes through the way point C and a way point E, and
moves to a destination point B which 1s a destination of travel
on this occasion will be described.

FI1G. 4 1s a view showing the current position of the mobile
terminal 3a and the current position of the mobile terminal 35
atatimepoint 9:35. As shown in FI1G. 4, the user of the mobile
terminal 35 1s located at the starting point S at the time point
9:35. Incidentally, FIG. 2 and FIG. 3 are tables showing
examples of data recorded on the destination point recording
portion 12 and the transmission information recording por-
tion 13 at the time point 9:32. That 1s, the route information of
the mobile terminal 3a has been recorded on the destination
point recording portion 12 and the contents request informa-
tion of the mobile terminal 3¢ has been recorded on the
transmission information recording portion 13. However,
route information and contents request imnformation of the
mobile terminal 35 have not been recorded on the destination
point recording portion 12 and the transmission information
recording portion 13.

Incidentally, as an example shown 1n FIG. 4, the distance
between the starting point S and the way point C 1s 5 km, the
distance between the way point C and the way point D 1s 8 km,
the distance between the way point D and the destination
point A 1s 10 km, the distance between way point C and the
way point E 1s 8 km, and the distance between the way point
E and the destination point B 1s 7 km.

Example of Operation of Registration Portion 11

FIG. 5 15 a tlow chart showing an example of operation of
the registration portion 11 according to the embodiment. In
the atorementioned case, the registration portion 11 first
receives route information transmitted from the mobile ter-
minal 35 (Opl). When the user of the mobile terminal 35 has
entered “Id002” in the “termuinal ID” field, “1doS, keidoS” in
the “starting point™ field, “1doC, keidoC” and *“1doE, keidoE”
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in the “way point™ field, and “1doB, keidoB” 1n the “destina-
tion point” field 1n a registration screen displayed on a display
screen of the mobile terminal 36 and has pushed a “Register”
button B1, for example, as shown i FIG. 6, the route infor-
mation 1s transmitted as an HTTP request to the data transier
apparatus 1.

Incidentally, although the example shown 1n FIG. 6 has
been described on the case where the user of the mobile
terminal 35 enters the starting port, the way points and the
destination point, the mvention i1s not limited thereto. For
example, configuration may be made so that the user of the
mobile terminal 35 selects one from a plurality of travel
routes which are calculated automatically by a CPU of the
mobile terminal 35 based on the starting point and the desti-
nation point entered by the user of the mobile terminal 35.

The registration portion 11 registers the route information
received 1 Opl 1n the destination point recording portion 12
(Op2). FIG. 7 15 a table showing an example of data of the
destination point recording portion 12 containing the route

information registered in Op2. As shown in FIG. 7, a terminal
ID “Id002” and a travel route “1doS, keidoS”, “1doC,

keidoC”, “idoE, keidoE”, “1doB, keido B”” 1n addition to the
data shown 1n FIG. 2 have been recorded on the destination
point recording portion 12.

In addition, the registration portion 11 recerves contents
request information transmitted from the mobile terminal 356
(Op3). When the user of the mobile terminal 35 has entered
“1d002” 1n the “terminal ID” field and “File B” in the “file
name” field and pushed a “Register” button B2, for example,
as shown 1n FIG. 8, the contents request information 1s trans-
mitted as an HT'TP request to the data transfer apparatus 1.
The registration portion 11 extracts the file name “File B”
from the contents request information recerved in Op3 (Op4).
The registration portion 11 accesses the contents DB 4 to
acquire contents size information “30 MB” of the “File B”
stored 1n the contents DB 4 based on the file name “File B”
extracted 1n Op4 (Op3).

The registration portion 11 registers the contents request
information recerved in Op3, together with the contents size
information acquired in OpS, 1n the transmission information
recording portion 13 (Op6). FIG. 9 1s a table showing an
example of data of the transmission mnformation recording
portion 13 containing the contents request information and
the contents size information registered in Op6. As shown 1n
FI1G. 9, aterminal ID “Id002”, a file name “File B”, a s1ze “30
MB” and an untransmitted size “30 MB” 1n addition to the
data shown 1n FIG. 3 have been recorded on the transmission
information recording portion 13. Incidentally, the untrans-
mitted size of the mobile terminal 3a with the terminal 1D
“1dO01” has been updated from “40.1 MB” to “37.2 MB” at
the time point 9:33.

The registration portion 11 reports a calculation request
event to the arithmetic operation portion 14 (Op7).

Example of Operation of Arithmetic Operation Portion 14
at Current Time “9:35”

FIG. 10 1s a flow chart showing an example of operation of
the arithmetic operation portion 14 according to the embodi-
ment. That 1s, after Op7 shown 1n FIG. 5, the arrival time
calculating portion 144 of the arithmetic operation portion 14
extracts the terminal ID “Id002” of the mobile terminal 356
from the calculation request event reported by the registration
portion 11 (Op8).

The arrival time calculating portion 14a accesses the ter-
minal information DB 5 to acquire the phone number of the
mobile terminal 35 from the terminal information DB 5 based
on the terminal ID extracted in Op8 (Op9). The arrival time
calculating portion 14a accesses the position information
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service center 2 to acquire current position information
expressing the current position of the mobile terminal 35 from
the position information service center 2 based on the phone
number of the mobile terminal 35 acquired 1 Op9 (Op10).

In the embodiment, the user carrying the mobile terminal
3b 1s located at the starting point S, so that the arrival time
calculating portion 14a acquires current position information
expressing the current position “1doS, keidoS” of the mobile
terminal 35 from the position information service center 2.
On this occasion, the arrival time calculating portion 14a
acquires current time information expressing the current time
“9:35” from the time measuring unit (not shown) provided 1n
the data transfer apparatus 1 (Op11).

The arrival time calculating portion 14a calculates a latest
moving velocity of the mobile terminal 36 based on the cur-
rent position information and the current time mmformation
acquired at the previous time and the current position infor-
mation and the current time information acquired at this time
(Opl12). In the embodiment, since the user carrying the
mobile terminal 35 intends to begin to move from the starting
point S, both current position information and current time
information acquired at the previous time do not exist. For
this reason, the arrival time calculating portion 14a extracts
“30 kmm/h™ preset as a default moving velocity of the mobile
terminal 35, from a memory not shown (Op12).

The arrival time calculating portion 14a calculates an esti-
mated time of arrival based on the latest moving velocity of
the mobile terminal 35 extracted 1n Opl2 and a distance from
the current position (starting point S) of the mobile terminal
3b6 expressed by the current position information acquired 1n
Op10 to the destination point B (Opl13). Specifically, the
arrival time calculating portion 144 first calculates a distance
between the current position (starting point S) of the mobile
terminal 36 and the destination point B.

In the example shown 1n FIG. 4, since the distance between
the starting point S and the way point C 1s 5 km, the distance
between the way point C and the way point E 1s 8 km, and the
distance between the way point E and the destination point B
1s 7 km, the arrival time calculating portion 14a calculates that
the distance between the current position (starting point S) of
the mobile terminal 35 and the destination point B 1s “20km”.
The distance “20 km” between the current position (starting
point S) of the mobile terminal 35 and the destination point B,
the current time “9:35” and the moving velocity “30 km/h” of
the mobile terminal 35 are assigned 1nto the atorementioned
(Expression 1), so that the arrival time calculating portion 14a
calculates that the estimated time of arrival of the mobile
terminal 35 1s “10:15”.

The arrival time calculating portion 14a registers the esti-
mated time of arrival calculated 1n Op13, together with the
current position information expressing the current position
of the mobile terminal 35 and a time of acqusition of the
current position (current time), mto the destination point
recording portion 12 (Opl14). FIG. 11 1s a table showing an
example of data of the destination point recording portion 12
containing the estimated time of arrival, the current position
information and the time of acquisition of the current position
registered in Opl4. As shown in FIG. 11, the current position
“1doS, keidoS™, the time “9:35” of acquisition of the current
position and the estimated time “10:15” of arrival have been
recorded for the terminal ID “Id002” on the destination point
recording portion 12.

In addition, the required transfer rate calculating portion
145 of the arithmetic operation portion 14 acquires “30 MB”
recorded as an untransmitted size of the mobile terminal 35 on
the transmission information recording portion 13, in accor-
dance with the calculation request event reported by the reg-
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istration portion 11 (Op13S). The required transier rate calcu-
lating portion 144 calculates a required data transfer rate
based on a time obtained by subtracting the current time from
the estimated time of arrival calculated in Opl3 and the
untransmitted size acquired 1n Opl15 (Opl16). The untransmit-
ted size “30 MB”, the estimated time “10:15” of arrival and
the current time “9:35” are assigned into the atlorementioned
(Expression 2), so that the required transier rate calculating
portion 145 calculates that the required data transier rate of
the mobile terminal 35 1s “12.5 KB/s”.

The required transfer rate calculating portion 145 registers
the required data transfer rate calculated 1n Opl6, 1nto the
transmission information recording portion 13 (Op17). FIG.
12 1s a table showing an example of data of the transmission
information recording portion 13 containing the required data
transter rate registered in Opl7. As shown in FIG. 12, the
required data transier rate *“12.5 KB/s” has been recorded for
the terminal ID “Id002” on the transmission information
recording portion 13.

The arithmetic operation portion 14 sets a time point (timer
value) 1n the timer 15 so that the arithmetic operation portion
14 will calculate an estimated time of arrival and a required
data transfer rate of the mobile terminal 35 next time at the
time point set 1n the timer 15 (Op18). In the embodiment, the
arithmetic operation portion 14 sets a timer value of the
mobile terminal 35 to “5S min” 1in the timer 15. In this manner,
the timer 15 can report a calculation request event to the
arithmetic operation portion 14 at *“9:40” which 1s 5 min later
than the current time “9:35”. The arithmetic operation portion
14 reports an assignment request event to the occupied trans-
fer rate calculating portion 16 (Opl19).

Example of Operation of Occupied Transier Rate Calcu-
lating Portion 16 in Current Time “9:35”

FIG. 13 1s a flow chart showing an example of operation of
the occupied transier rate calculating portion 16 according to
the embodiment. That 1s, after Op19 shown 1n FIG. 10, the
occupied transier rate calculating portion 16 acquires esti-
mated times of arrival recorded on the destination point
recording portion 12, in accordance with the assignment
request event reported by the arithmetic operation portion 14
(Op20). In the embodiment, the occupied transier rate calcu-
lating portion 16 acquires an estimated time “10:13” of arrival
of the mobile terminal 3a and an estimated time “10:15” of
arrival of the mobile terminal 35 which have been recorded on
the destination point recording portion 12.

In addition, the occupied transfer rate calculating portion
16 acquires required data transfer rates which have been
recorded on the transmission information recording portion
13, 1n accordance with the assignment request event reported
by the arithmetic operation portion 14 (Op21). In the embodi-
ment, the occupied transier rate calculating portion 16
acquires a required data transfer rate “16.3 KB/s” of the
mobile terminal 3a and a required data transfer rate “12.5
KB/s” of the mobile terminal 35 which have been recorded on
the transmission information recording portion 13.

The occupied transier rate calculating portion 16 assigns
required bandwidths for achievement of the required data
transier rates to the mobile terminals 3a and 35 1n order of
estimated time of arrival to prevent the sum of the required
bandwidths from exceeding the required total bandwidth for
achievement of the maximum data transier rate of the com-
munication line N (Op22). In the embodiment, the maximum
data transfer rate of the communication line N used herein 1s
“30 KB/s”.

In addition, in the embodiment, the sum of the required
data transter rate “16.3 KB/s” of the mobile terminal 3¢ and
the required data transfer rate “12.5 KB/s” of the mobile
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terminal 36 1s “28.8 KB/s” which does not exceed the maxi-
mum data transier rate “30 KB/s”. Accordingly, the occupied
transier rate calculating portion 16 assigns a required band-
width for achievement of the required data transfer rate “16.3
KB/s” directly to the mobile terminal 3a. In addition, the
occupied transier rate calculating portion 16 assigns a
required bandwidth for achievement of the required data
transter rate “12.5 KB/s” directly to the mobile terminal 35.

The occupied transter rate calculating portion 16 calculates
occupied data transier rates based on the bandwidths assigned
to the mobile terminals 3a and 35 respectively (Op23). In the
embodiment, since the occupied transter rate calculating por-
tion 16 assigns the required bandwidth for achievement of the
required data transfer rate “16.3 KB/s” directly to the mobile
terminal 3a, the occupied transier rate calculating portion 16
calculates that the occupied data transfer rate of the mobile
terminal 3a 1s “16.3 KB/s”. In the embodiment, since the
occupied transfer rate calculating portion 16 assigns the
required bandwidth for achievement of the required data
transter rate “12.5 KB/s” directly to the mobile terminal 35,
the occupied transfer rate calculating portion 16 calculates
that the occupied data transfer rate of the mobile terminal 35
1s “12.5 KB/s”.

The occupied transter rate calculating portion 16 registers
the calculated occupied data transter rates into the transmis-
sion information recording portion 13 (Op24). FIG. 14 1s a
table showing an example of data of the transmission infor-
mation recording portion 13 containing the occupied data
transier rates registered 1n Op24. As shown 1 FIG. 14, the
occupied data transfer rates “16.3 KB/s” and “12.5 KB/s”

have been recorded for the terminal IDs “Id001” and “Id002”
respectively on the transmission mnformation recording por-
tion 13.

Example of Operation of Data Transmitting Portion 17

FI1G. 15 1s a flow chart showing an example of operation of
the data transmitting portion 17 according to the embodiment.
That 1s, after Op24 shown in FIG. 13, the data transmitting
portion 17 first judges whether or not the occupied data trans-
ter rates have been recorded on the transmission information
recording portion 13 (Op25). When the data transmitting,
portion 17 decides that the occupied data transfer rates have
been recorded on the transmission information recording por-
tion 13 (YES 1n Op2S5), the data transmitting portion 17
acquires the occupied data transfer rates from the transmis-
s1on information recording portion 13 (Op26). In the embodi-
ment, the data transmitting portion 17 acquires the occupied
data transfer rate “16.3 KB/s” of the mobile terminal 3a and
the occupied data transier rate “12.5 KB/s” of the mobile
terminal 36 from the transmission information recording por-
tion 13. On the other hand, when the data transmitting portion
17 decides that the occupied data transfer rates have not
recorded on the transmission information recording portion
13 (NO 1n Op25), the routine of processing goes back to
Op25.

The data transmitting portion 17 accesses the contents DB
4 to extract untransmitted data transmittable in one second
from the contents as transmission targets (Op27). In the
embodiment, the data transmitting portion 17 extracts
untransmitted data of “16.3 KB transmittable 1n one second,
from the untransmitted data with the untransmitted size “37.2
MB” 1n the contents of “File A” with a total data capacity 45
MB. In addition, the data transmitting portion 17 extracts
untransmitted data of “12.5 KB transmittable 1n one second,

from the untransmitted data with the untransmitted size <30
MB” 1n the contents of “File B” with a total data capacity 30
MB.
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The data transmitting portion 17 transmits these pieces of
untransmitted data extracted in Op27 to the mobile terminals
3a and 35 respectively 1in accordance with the occupied data
transter rates acquired 1n Op26 through the communication
line N (Op28). In the embodiment, the data transmitting por-
tion 17 transmits the untransmitted data of *“16.3 KB” 1n the
“File A” to the mobile terminal 3a in accordance with the
occupied data transier rate “16.3 KB/s” through the commu-
nication line N. In addition, the data transmitting portion 17
transmits the untransmitted data of “12.5 KB” 1n the “File B”
to the mobile terminal 35 1n accordance with the occupied
data transfer rate “12.5 KB/s” through the communication
line N. Specifically, when the data transmitting portion 17
transmits untransmitted data transmittable in one second to
cach of the mobile terminals and the transmission time 1s not
longer than one second, the data transmitting portion 17
sleeps 1n terms of processing until one second elapses so that
the untransmitted data transmittable 1n one second are trans-
mitted 1n one second surely.

The data transmitting portion 17 judges whether or not
untransmitted data are contained in any contents as a trans-
mission target stored 1n the contents DB 4 (Op29). When the
data transmaitting portion 17 decides that untransmitted data
are contained 1n the contents (YES 1n Op29), the data trans-
mitting portion 17 updates the untransmuitted size recorded on
the transmission information recording portion 13 (Op30).
After the untransmitted size has been updated 1 Op30, the
routine of processing goes back to Op26 in which latest
occupied data transier rates are acquired so that processing 1s
performed repetitively.

On the other hand, when the data transmaitting portion 17
decides that untransmitted data are not contained 1n the con-
tents (NO 1 Op29), the data transmitting portion 17 decides
that the mobile terminal 3 has completed download of the
contents, so that the data transmitting portion 17 deletes the
records of the mobile terminal 3 which are recorded on the
destination point recording portion 12 and the transmission
information recording portion 13 and to which transmission
of the untransmuitted data has been completed (Op31). In this
case, the data transmitting portion 17 reports an assignment
request event to the occupied transier rate calculating portion
16 (Op32).

In terms of returning from Op30 to Op26, the routine of
processing may return to Op26 after judgment 1s made as to
whether or not latest occupied data transier rates have been
calculated. For example, judgment as to whether or not latest
occupied data transfer rates have been calculated depends on
judgment as to whether or not a calculation request event as a
trigger of calculation of occupied data transfer rates has been
issued by the timer 15. When a calculation request event has
been issued, the routine of processing returns to Op26 1n
which latest occupied data transfer rates are acquired. When
a calculation request event has not been 1ssued, the routine of
processing returns to Op27 1n which data to be transmitted
next are acquired. In this manner, it 1s possible to reduce the
number of times of executing processing for acquisition of
occupied data transier rates and it 1s possible to perform data
transmission more efficiently.

Example of Operation of Arithmetic Operation Portion 14
in Current Time “9:37”

Next, the case where the timer 15 has reported a calculation
request event (timer event) for requesting calculation of the
estimated time of arrival and the required data transfer rate of
the mobile terminal 3a to the arithmetic operation portion 14
at a time point 9:37 will be described. FIG. 16 1s a view
showing the current position of the mobile terminal 3a and the
current position of the mobile terminal 35 at the time point
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9:37. As shown 1n FIG. 16, the user of the mobile terminal 3a
1s located at the way point C1 at the time point “9:37”.

As shown 1n FIG. 18, the untransmaitted sizes recorded on
the transmission information recording portion 13 at the time
point “9:37” have been updated from “37.2 MB” to “35.2
MB” as the untransmitted size of the mobile terminal 3a, and
from “30 MB” to “28.5 MB” as the untransmitted size ef the
mobile terminal 3b6. In addition, the distance between the
starting point S and the way point S1 1s 2.5 km and the
distance between the way point C and the way point C1 15 0.3
km.

Although the example shown 1n FIG. 16 has described on
the case where the user of the mobile terminal 3a 1s located at
the way point C1 at the time point 9:3°/, whether or not the
user of the mobile terminal 3a 1s really located at the way
point C1 1s calculated, for example, by the following method.
That 1s, 1t 1s often that the current position of the mobile
terminal 35 1s not really located on any route exactly. In such
a case, the data transfer apparatus 1 decides that the mobile
terminal 3a 1s located on a route with the shortest one of
perpendicular lines drawn from the current position of the
mobile terminal 3a to the respective routes. Incidentally, the
method for judging whether or not the user of the mobile
terminal 3a 1s located at any way point 1s not particularly
limited.

As shown 1n FIG. 10, the arrival time calculating portion
14a extracts the terminal ID “Id001” of the mobile terminal
3a from a calculation request event reported by the timer 15
(Op8). The arrival time calculating portion 14a accesses the
terminal information DB 5 to acquire the phone number of the
mobile terminal 3a from the terminal information DB § based
on the terminal ID extracted in Op8 (Op9). The arrival time
calculating portion 14a accesses the position mnformation
service center 2 to acquire current position information
expressing the current position of the mobile terminal 3a from
the position information service center 2 based on the phone
number of the mobile terminal 3a acquired 1n Op9 (Op10).

In the embodiment, since the user carrying the mobile
terminal 3a 1s located at the way point C1, the arrival time
calculating portion 14a acquires current position information
expressing the current position “1doC1, keidoC1” of the
mobile terminal 3¢ from the position information service
center 2. On this occasion, the arrival time calculating portion
14a acquires current time information expressing the current
time “9:37” from the time measuring unit (not shown) pro-
vided 1n the data transfer apparatus 1 (Opl1).

The arrival time calculating portion 14a calculates a latest
moving velocity of the mobile terminal 3a based on the cur-
rent position information and the current time information
acquired at the previous time and the current position infor-
mation and the current time information acquired at this time
(Opl12). The arrival time calculating portion 14q first calcu-
lates a distance between the current position expressed by the
current position information acquired at the previous time and
the current position expressed by the current position infor-
mation acquired at this time.

In the embodiment, since the current position of the mobile
terminal 3a expressed by the current position information
acquired at the previous time 1s “1doS1, keidoS1” (see FIG.
11), the arrival time calculating portion 14a calculates the
distance between the way point S1 and the way point C1.
Since the distance between the way point S1 and the way
point C 1s 2.5 km and the distance between the way point C
and the way point C1 1s 0.3 km 1n the example shown 1n FIG.
16, the arrival time calculating portion 14a calculates that the
distance between the way point S1 and the way point C1 1s
“2.8 km”. In addition, the arrival time calculating portion 14a

10

15

20

25

30

35

40

45

50

55

60

65

18

calculates a lapsed time from the current time expressed by
the current time information acquired at the previous time to
the current time expressed by the current time information
acquired at this time.

In the embodiment, since the current time expressed by the
current time information acquired at the previous time 1s
“9:32” (see FI1G. 11), the arrival time calculating portion 14a
calculates that the lapsed time from the current time
expressed by the current time information acquired at the
previous time to the current time expressed by the current
time 1nformation acquired at this time 1s “5 min”. In this
manner, the latest moving velocity of the mobile terminal 3a
1s expressed by 2.8+(5+60). That 1s, the arrival time calculat-
ing portion 14a calculates that the latest moving velocity of
the mobile terminal 3a 1s “33.6 km/h”.

The arrval time calculating portion 14a calculates an esti-
mated time of arrival based on the latest moving velocity of
the moving terminal 3a calculated 1 Opl12 and a distance
from the current position (way point C1) of the mobile ter-
minal 3a expressed by the current position information
acquired i Opl10 to the destination point A (Opl13). Specifi-
cally, the arrival time calculating portion 14a first calculates
the distance from the current position (way point C1) of the
mobile terminal 3a to the destination point A.

In the example shown i FIG. 16, since the distance
between the way point C1 and the way point D 1s 7.7 km and
the distance between the way point D and the destination
point A 1s 10 km, the arrival time calculating portion 14a
calculates that the distance from the current position (way
point C1) of the mobile terminal 3a to the destination point A
1s “17.7 km”. The distance “17.7 km™ from the current posi-
tion (way point C1) of the mobile terminal 3a to the destina-
tion point A, the current time “9:37” and the moving velocity
“33.6 km/h” of the mobile terminal 3a are assigned into the
alorementioned (Expression 1), so that the arrival time cal-
culating portion 14a calculates that the estimated time of
arrival of the mobile terminal 3a 1s “10:09”.

The arrval time calculating portion 14a registers the esti-
mated time of arrival calculated 1n Opl3, together with the
current position imformation expressing the current position
of the mobile terminal 3a and the time of acquisition of the
current position {(current time), into the destination point
recording portion 12 (Opl14). FIG. 17 1s a table showing an
example of data of the destination point recording portion 12
containing the estimated time of arrival, the current position
information and the time of acquisition of the current position
which have been registered in Opl4. As shown in FI1G. 17, the
current position “1deC1, keidoC1”, the time “9:37” of acqui-
sition of the current position and the estimated time “10:09”
of arrival have been recorded for the terminal ID “IdO01” on
the destination point recording portion 12.

In addition, the required transfer rate calculating portion
145 acquires the untransmitted size “35.2 MB” of the mobile
terminal 3a recorded on the transmission information record-
ing portion 13, in accordance with a calculation request event
reported by the timer 15 (Op135). The required transier rate
calculating portion 145 calculates a required data transfer rate
based on a time obtained by subtracting the current time from
the estimated time of arrival calculated 1 Opl3 and the
untransmitted size acquired 1n Opl15 (Opl16). The untransmit-
ted s1ze “35.2 MB”, the estimated time “10:09” of arrival and
the current time “9:37” are assigned 1nto the atlorementioned
(Expression 2), so that the required transier rate calculating
portion 145 calculates that the required data transier rate of
the mobile terminal 3a 1s “18.3 KB/s™.

The required transfer rate calculating portion 145 registers
the required data transfer rate calculated in Opl6 into the
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transmission imformation recording portion 13 (Op17). FIG.
18 15 a table showing an example of data of the transmission
information recording portion 13 containing the required data

transier rate which has been registered 1n Opl17. As shown 1n
FIG. 18, the required data transfer rate *“18.3 KB/s™ has been
recorded for the terminal ID “IdO01” on the transmission

information recording portion 13.
The anithmetic operation portion 14 sets a time point (timer
value) 1n the timer 15 so that the arithmetic operation portion

14 calculates an estimated time of arrival and a required data
transier rate of the mobile terminal 3a next time at the time

point set 1n the timer 15 (Opl18). In the embodiment, the

arithmetic operation portion 14 sets the timer value of the
mobile terminal 3a to “5S min™ 1n the timer 15. In this manner,
the timer 15 can report a calculation request event to the
arithmetic operation portion 14 at “9:42” which 1s 5 minutes
later than the current time “9:37”. The arithmetic operation
portion 14 reports an assignment request event to the occu-
pied transier rate calculating portion 16 (Op19).

Example of Operation of Occupied Transtier Rate Calcu-
lating Portion 1 16 1n Current Time “9:37”

After Op19 shown in FIG. 10, the occupied transier rate
calculating portion 16 acquires the estimated times of arrival
recorded on the destination point recording portion 12, in
accordance with the assignment request event reported by the
arithmetic operation portion 14, as shown 1n FIG. 13 (Op20).
In the embodiment, the occupied transfer rate calculating
portion 16 acquires the estimated time “10:09” of arrival of
the mobile terminal 3a and the estimated time “10:15” of
arrival of the mobile terminal 35 which have been recorded on
the destination point recording portion 12. In addition, the
occupied transier rate calculating portion 16 acquires the
required data transfer rates recorded on the transmission
information recording portion 13, in accordance with the
assignment request event reported by the arithmetic operation
portion 14 (Op21). In the embodiment, the occupied transier
rate calculating portion 16 acquires the required data transter
rate “18.3 KB/s” of the mobile terminal 3a and the required
data transfer rate “12.5 KB/s” of the mobile terminal 356
which have been recorded on the transmission information
recording portion 13.

The occupied transier rate calculating portion 16 assigns
required bandwidths for achievement of the required data
transier rates respectively to the mobile terminals 3a and 35 1n
order of estimated time of arrival to prevent the sum of the
required bandwidths from exceeding the total bandwidth
required for the maximum data transfer rate of the commu-
nication line N (Op22). In the embodiment, the maximum
data transfer rate of the communication line N used herein 1s
“30 KB/s”. Moreover, the sum of the required data transfer
rate “18.3 KB/s” of the mobile terminal 3a and the required
data transfer rate “12.5 KB/s” of the mobile terminal 356
exceeds the maximum data transfer rate “30 KB/s™.

Accordingly, the occupied transier rate calculating portion
16 directly assigns the required bandwidth for achievement of
the required data transfer rate “18.3 KB/s” to the mobile
terminal 3a which 1s earlier one 1n terms of estimated time of
arrival, of the mobile terminals 3a and 354. In addition, the
occupied transfer rate calculating portion 16 assigns a trans-

ter rate “11.7 KB/s” (30 KB/s-18.3 KB/s) expressed as the

remaining bandwidth in the total bandwidth, to the mobile
terminal 35 which 1s later one 1n terms of estimated time of
arrival, of the mobile terminals 3a and 35 to prevent the sum
of the required bandwidths from exceeding the total band-
width required for achievement of the maximum data transter
rate “30 KB/s” of the communication line N.
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The occupied transter rate calculating portion 16 calculates
occupied data transfer rates based on the bandwidths assigned
respectively to the mobile terminals 3a and 35 (Op23). In the
embodiment, since the occupied transter rate calculating por-
tion 16 directly assigns the required bandwidth for achieve-
ment of the required data transfer rate “18.3 KB/s” to the
mobile terminal 3a, the occupied transfer rate calculating
portion 16 calculates that the occupied data transier rate of the
mobile terminal 3a 15 “18.3 KB/s”. In addition, in the embodi-
ment, since the occupied transier rate calculating portion 16
assigns, to the mobile terminal 35, the transier rate “11.7
KB/s” expressed as the remaining bandwidth in the total
bandwidth required for achievement of the maximum data
transter rate of the communication line N, the occupied trans-
fer rate calculating portion 16 calculates that the occupied
data transier rate of the mobile terminal 36 1s “11.7 KB/s”.

The occupied transier rate calculating portion 16 registers
the calculated occupied data transier rates into the transmis-
sion mformation recording portion 13 (Op24). FIG. 19 15 a
table showing an example of data of the transmission 1nfor-
mation recording portion 13 containing the occupied data

transier rates registered in Op24. As shown 1 FIG. 19, the
occupied data transfer rates “18.3 KB/s” and “11.7 KB/s”

have been recorded for the terminal IDs “Id001” and “1d002”
respectively on the transmission mnformation recording por-
tion 13.

Example of Operation of Occupied Transier Rate Calcu-
lating Portion 16 1in Current Time “10:09”

Next, description will be made 1n the case where the data
transmitting portion 17 has deleted the records of the mobile
terminal 3a recorded on the destination point recording por-
tion 12 and the transmission information recording portion 13
and has reported an assignment request event to the occupied
transier rate calculating portion 16 in the condition that the
mobile terminal 3a has completed download of the contents at
the time point 10:09 which 1s the estimated time “10:09” of
arrival of the mobile terminal 3a.

FIG. 20 1s a view showing the current position of the
mobile terminal 3a and the current position of the mobile
terminal 35 at the time point 10:09. As shown 1n FIG. 20, the
user of the mobile terminal 3aq has arrived at the destination
point A at the time point 10:09. In addition, the user of the
mobile terminal 35 1s located at a way point E1 at the time
point 10:09. Incidentally, the untransmitted size of the mobile
terminal 35 recorded on the transmission information record-
ing portion 13 has been updated from “28.5 MB” to “6.56
MB” as shown in FIG. 21. In addition, the required data
transfer rate of the mobile terminal 35 recorded on the trans-
mission 1information recording portion 13 has been updated
from “12.5 KB/s” to “15.5 KB/s”.

In this case, the occupied transier rate calculating portion
16 directly assigns a required bandwidth for achievement of
the required data transfer rate “15.5 KB/s” of the mobile
terminal 356 to the mobile terminal 35 1n accordance with an
assignment request event reported by the data transmitting
portion 17. The occupied transier rate calculating portion 16
calculates an occupied data transier rate based on the band-
width assigned to the mobile terminal 35. In the embodiment,
since the occupied transier rate calculating portion 16 directly
assigns a required bandwidth for achievement of the required
data transfer rate “15.5 KB/s” to the mobile terminal 354, the
occupied transier rate calculating portion 16 calculates that
an occupied data transfer rate of the mobile terminal 35 1s
“15.5 KB/s”.

Although the aforementioned description has been made 1n
the case where the occupied transier rate calculating portion
16 directly assigns the required bandwidth for achievement of
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the required data transfer rate “15.5 KB/s” of the mobile
terminal 35 to the mobile terminal 354, the invention 1s not

limited thereto. That 1s, the occupied transier rate calculating
portion 16 may assign the total bandwidth required for

achievement of the maximum data transfer rate “30 KB/s” of 5

the communication line N, to the mobile terminal 354. Since
the occupied transier rate calculating portion 16 assigns the
total bandwidth required for achievement of the maximum
data transfer rate “30 KB/s” of the communication line N, to

the mobile terminal 35, the occupied transter rate calculating,
portion 16 calculates that the occupied data transier rate of the

mobile terminal 35 1s “30 KB/s”.

In this manner, the mobile terminal 35 can complete down-
load of untransmitted data before the user of the mobile
terminal 35 arrives at the destination point B. Since download
of the untransmitted data 1s completed before the user of the
mobile terminal 35 arrives at the destination point B, the user
ol the mobile terminal 35 can view the contents even when the
user of the mobile terminal 35 wants to view the contents
before arrival at the destination point B. When, for example,
another mobile terminal starts to download aiter the total
bandwidth of the communication line N has been assigned to
the mobile terminal 35, the total bandwidth of the communi-
cation line N 1s assigned to the mobile terminal 35 before the
other mobile terminal starts to download. Accordingly, the
mobile terminal 35 can surely complete download of the
untransmitted data before arrival at the destination point B.

Although the aforementioned description has been made in
the case where the data transmitting portion 17 reports an
assignment request event to the occupied transier rate calcu-
lating portion 16, the invention is not limited thereto. That 1s,
the data transmaitting portion 17 may report an assignment
request event to the occupied transier rate calculating portion
16 and report a calculation request event to the arithmetic
operation portion 14. In this manner, the arithmetic operation
portion 14 can newly calculate the estimated time of arrival
and the required data transfer rate of the mobile terminal 356 1n
accordance with the calculation request event reported by the
data transmitting portion 17. Thus, the occupied transier rate
calculating portion 16 can directly assign a required band-
width for achievement of the newly calculated required data
transier rate of the mobile terminal 35, to the mobile terminal
3b.

The occupied transier rate calculating portion 16 registers
the calculated occupied data transier rate into the transmis-
sion information recording portion 13. FIG. 21 1s a table
showing an example of data of the transmission imnformation
recording portion 13 containing the calculated occupied data
transier rate registered. As shown in FIG. 21, the occupied
data transfer rate “15.5 KB/s” has been recorded for the
terminal ID “Id002” on the transmission mnformation record-
ing portion 13. In this manner, the mobile terminal 35 can
complete download of untransmitted data at the time when
the user of the mobile terminal 35 arrived at the destination
point B. As a result, even when another mobile terminal starts
to download, the remaining bandwidth in the total bandwidth
of the communication line N can be assigned to the other
mobile terminal.

According to the data transier apparatus 1 according to the
embodiment as described above, the arrival time calculating
portion 14a acquires current position information expressing,
the current position of each mobile terminal 3 and current
time mnformation expressing the current time at intervals of a
predetermined time to thereby calculate a latest moving
velocity of the mobile terminal 3. For this reason, the arrival
time calculating portion 14a can calculate an estimated time
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of arrival which 1s an estimated time that a user of the mobile
terminal 3 will arrive at a destination point.

The required transier rate calculating portion 1456 calcu-
lates a required data transier rate which 1s necessary for the
mobile terminal 3 to complete download of untransmitted
data before the user of the mobile terminal 3 arrives at the
destination point. The occupied transfer rate calculating por-
tion 16 assigns required bandwidths for achievement of the
required data transier rates to the respective mobile terminals
3 1n order of estimated time of arrival to prevent the sum of the
required bandwidths from exceeding the total bandwidth of
the communication line N, so that the occupied transier rate
calculating portion 16 calculates occupied data transier rates
to be really used for the respective mobile terminals 3 based
on the assigned required bandwidths.

The data transmitting portion 17 transmits the untransmit-
ted data to the respective mobile terminals 3 through the
communication line N 1n accordance with the respective cal-
culated occupied data transter rates. That 1s, the data transter
apparatus 1 according to the embodiment calculates the occu-
pied data transier rates for the respective mobile terminals 3 at
intervals of a predetermined time, and transmits the untrans-
mitted data to the respective mobile terminals 3 through the
communication line N 1n accordance with the respective cal-
culated occupied data transter rates. In this manner, when the
moving velocity of a mobile terminal 3 increases during
download, or when another mobile terminal 3 starts to down-
load during the download, the mobile terminal 3 can complete
download of contents before the user of the mobile terminal 3
arrives at the destination point.

Second Embodiment

FIG. 22 15 a block diagram showing the configuration of a
data transier apparatus 6 according to the embodiment,
together with the configuration of a whole system including
the data transier apparatus 6. That 1s, the data transier appa-
ratus 6 according to the embodiment includes a time 1nfor-
mation recording portion 61 1n addition to the data transier
apparatus 1 shown 1n FIG. 1. The data transfer apparatus 6
according to the embodiment further includes an arithmetic
operation portion 62 in place of the arithmetic operation
portion 14 shown in FIG. 1. Incidentally, 1n FIG. 22, constitu-
ent parts having the same functions as those 1n FIG. 1 are
referred to by the same reference numerals and detailed
description thereof will be omutted.

The embodiment will be described on the case where the
user of the mobile terminal 34 1s located at the way point C1
at the time point 9:3”7 during travel to the destination point A
by way of example, as shown 1n FIG. 16. Incidentally, FIG. 16
1s a view showing the current position of the mobile terminal
3a and the current position of the mobile terminal 35 at the
time point 9:37 as described in the first embodiment.

The time information recording portion 61 records a dis-
tance from the current position of a mobile terminal 3 to a
destination point and a timer value. FIG. 23 1s a table showing
an example of data recorded on the time information record-
ing portion 61 according to the embodiment. As shown 1n
FIG. 23, a timer value which decreases as the distance from
the current position ol the mobile terminal 3 to the destination
point decreases 1s recorded on the time information recording,
portion 61.

The arthmetic operation portion 62 includes an arrival
time calculating portion 62a and a required transfer rate cal-
culating portion 626 1n the same manner as the arithmetic
operation portion 14 shown 1n FIG. 1. After the arithmetic
operation portion 62 has registered an estimated time of
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arrival into the destination point recording point 12 and has
registered a required data transier rate into the transmission
information recording portion 13, the anthmetic operation
portion 62 sets a time point (timer value) in the timer 15 in
accordance with the distance from the current position of the
mobile terminal 3 to the destination point so that the arith-
metic operation portion 62 will calculate an estimated time of
arrival and a required data transier rate next time at the time
point set 1in the timer 15.

Specifically, the arithmetic operation portion 62 {irst
extracts a timer value from the time information recording
portion 61 based on the distance from the current position of
the mobile terminal 3 to the destination point. In the embodi-
ment, since the distance from the current position (way point
C1) of the mobile terminal 3a to the destination point A 1s
“17.7 km”, the arithmetic operation portion 62 extracts a
timer value 7 min” from the time information recording
portion 61.

The arithmetic operation portion 62 sets the timer value of
the mobile terminal 3a to *“7 min” 1n the timer 15. In this
manner, the timer 15 can report a calculation request event to
the arithmetic operation portion 62 at “9:44” which 1s 7 min-
utes later than the current time “9:37”°. Thus, the arrival time
calculating portion 62a can shorten the time interval for
acquisition of the current position information and the current
time information as the current position of the mobile termi-
nal 3a approaches to the destination point A. Incidentally, the
other functions of the arithmetic operation portion 62 are the
same as the functions of the arithmetic operation portion 14
shown 1n FIG. 1.

According to the data transier apparatus 6 according to the
embodiment as described above, the arrival time calculating
portion 62a can shorten the time interval for acquisition of the
current position information and the current time information
as the current position of the mobile terminal 3 approaches to
the destination point. In this manner, the required transfer rate
calculating portion 626 can accurately calculate a required
data transfer rate which is necessary for the mobile terminal 3
to complete download of untransmitted data before the user of
the mobile terminal 3 arrives at the destination point.

Incidentally, although the first embodiment and the second
embodiment have been described on the case where the data
transfer apparatus transmits untransmitted data extracted
from contents as a transmission target to a mobile terminal
through the communication line 1n accordance with an occu-
pied data transfer rate calculated by the occupied transier rate
calculating portion while no data transfer-disabled section 1s
taken into consideration, the invention 1s not limited thereto.
That 1s, the data transfer apparatus may transmit the untrans-
mitted data to the mobile terminal while a data transter-
disabled section 1s taken into consideration.

Incidentally, the data transfer-disabled section may be a
section 1n which data are not allowed to be transmuitted to the
mobile terminal from the data transfer apparatus. For
example, the data transfer-disabled section 1s a tunnel section
in the case where the mobile terminal 1s located 1n a tunnel.
Specifically, the user of the mobile terminal registers a data
transier-disabled section in the data transifer apparatus in
advance. When the data transfer-disabled section 1s on a route
on which the user of the mobile terminal moves, the arrival
time calculating portion calculates an estimated time of
arrival based on a distance obtained by subtracting the data
transier-disabled section from the distance between the cur-
rent position of the mobile terminal and the destination point.
In this manner, the data transier apparatus can transmit the
untransmitted data to the mobile terminal while the data
transier-disabled section 1s taken into consideration.
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That 1s, the invention 1s not limited to the first and second
embodiments but various changes may be made within the
scope of claims. That 1s, embodiments achieved by combin-
ing technical means properly changed within the scope of
claims are also included 1n the technical range of the mnven-
tion.

As described above, the invention 1s useful as a data trans-
fer apparatus, a data transfer method or a data transier pro-
gram by which a mobile terminal can complete download of
contents before a user of the mobile terminal arrives at a
destination point even when the moving velocity of the
mobile terminal increases during the download or even when
another mobile terminal starts to download during the down-
load.

As described above, the data transter apparatus, the data
transier method and the data transfer program according to
the invention exerts an etfect that a mobile terminal can com-
plete download of contents before a user of the mobile termi-
nal arrives at a destination point even when the moving veloc-
ity of the mobile terminal increases during the download or
even when another mobile terminal starts to download during
the download.

Although a few preferred embodiments of the present
invention have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made 1n
these embodiments without departing from the principles and
spirit of the invention, the scope of which 1s defined 1n the
claims and their equivalents.

What 1s claimed 1s:

1. A data transfer apparatus comprising: a data transmitting
device which extracts pieces of untransmitted data from a
plurality of contents as transmission targets respectively and
transmits the extracted pieces of untransmitted data to a plu-
rality of mobile terminals respectively through a communi-
cation line;:

a destination point recording device on which destination
point information expressing destination points as travel
destinations of users of the mobile terminals 1s recorded;
an arrrval time calculating device which acquires current
position information expressing current positions of the
mobile terminals and current time information express-
ing a current time at intervals of a predetermined time 1n
order to calculate latest moving velocities of the mobile
terminals based on the current position information and
the current time information acquired at a previous time
and the current position information and the current time
information acquired at this time, and then to calculate
estimated times of arrval as estimated times that the
users of the mobile terminals will arrive at the destina-
tion points, based on the calculated moving velocities of
the mobile terminals and distances from the current
positions ol the mobile terminals to the destination
points;

a required transfer rate calculating device which calculates
required data transfer rates necessary for the mobile
terminals to complete download of the pieces of untrans-
mitted data before the users of the mobile terminals
arrive at the destination points, based on times obtained
by subtracting the current time from the estimated times
of arrival calculated by the arrival time calculating
device and data capacities of the pieces of untransmaitted
data; and

an occupied transier rate calculating device which assigns
required bandwidths for achievement of the required
data transfer rates to the respective mobile terminals 1n
order of estimated time of arrival to prevent the sum of
the required bandwidths from exceeding a total band-
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width of the communication line to thereby calculate
occupied data transfer rates to be really used for the
respective mobile terminals based on the assigned
required bandwidths; wherein:

the data transmitting device transmits the pieces of untrans-

mitted data to the respective mobile terminals through
the communication line in accordance with the respec-
tive occupied data transier rates calculated by the occu-
pied transier rate calculating device.

2. A data transfer apparatus according to claim 1, wherein
when one of the plurality of mobile terminals has not com-
pleted download of the untransmitted data, the occupied
transier rate calculating device assigns a required bandwidth
for achievement of the required data transfer rate of the
mobile terminal to the mobile terminal to thereby calculate an
occupied data transfer rate to be really used for the mobile
terminal based on the assigned required bandwidth.

3. A data transfer apparatus according to claim 1, wherein
when one of the plurality of mobile terminals has not com-
pleted download of the untransmitted data, the occupied
transier rate calculating device assigns the total bandwidth of
the communication line to the mobile terminal to thereby
calculate an occupied data transfer rate to be really used for
the mobile terminal based on the assigned total bandwidth.

4. A data transfer apparatus according to claim 1, wherein
the arrival time calculating device shortens the time interval
for acquisition of the current position information and the
current time information as each of the distances between the
current positions of the mobile terminals and the destination
points becomes shorter.

5. A data transier method executed by a computer which
includes a destination point recording portion with recorded
destination point information expressing destination points as
travel destinations of users of mobile terminals and which
extracts pieces of untransmitted data respectively from a plu-
rality of contents as transmission targets and transmits the
extracted pieces of untransmitted data respectively to the
plurality of mobile terminals through a communication line,
the data transier method comprising the operations of:

using an arrival time calculating portion provided 1n the

computer to acquire current position information
expressing current positions of the mobile terminals and
current time information expressing a current time at
intervals of a predetermined time to thereby calculate
latest moving velocities ol the mobile terminals based on
the current position information and the current time
information acquired at a previous time and the current
position mformation and the current time information
acquired at this time, and then to calculate estimated
times of arrival as estimated times that the users of the
mobile terminals will arrive at the destination points,
based on the calculated moving velocities of the mobile
terminals and distances from the current positions of the
mobile terminals to the destination points (the arrival
time calculating operation);

using a required transfer rate calculating portion provided

in the computer to calculate required data transfer rates
necessary for the mobile terminals to complete down-
load of the pieces of untransmitted data before the users
of the mobile terminals arrive at the destination points,
based on times obtained by subtracting the current time
from the estimated times of arrival calculated in the
arrival time calculating operation and data capacities of
the pieces of untransmitted data (the required transier
rate calculating operation);

using an occupied transier rate calculating portion pro-

vided 1n the computer to assign required bandwidths for
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achievement of the required data transfer rates to the

respective mobile terminals 1n order of estimated time of

arrival to prevent the sum of the required bandwidths

from exceeding a total bandwidth of the communication

line to thereby calculate occupied data transier rates to

be really used for the respective mobile terminals, based
on the assigned required bandwidths (the occupied
transier rate calculating operation); and

using a data transmitting portion provided in the computer
to transmit the pieces of untransmitted data to the
respective mobile terminals through the commumnication
line 1 accordance with the respective occupied data
transier rates calculated in the occupied transier rate
calculating operation (the data transmitting operation).

6. A non-transitory computer-readable recording medium

with a data transier program stored therein and executed by a
computer which includes a destination point recording por-
tion with recorded destination point information expressing
destination points as travel destinations of users of mobile
terminals, the data transfer program including;:

a data transmitting process of extracting pieces of untrans-
mitted data from a plurality of contents as transmission
targets respectively and transmitting the extracted pieces
of untransmitted data to the plurality of mobile terminals
respectively through a communication line;

an arrival time calculating process of acquiring current
position information expressing current positions of the
mobile terminals and current time information express-
ing a current time at intervals of a predetermined time to
thereby calculate latest moving velocities of the mobile
terminals based on the current position information and
the current time 1nformation acquired at a previous time
and the current position information and the current time
information acquired at this time, and then to calculate
estimated times of arrival as estimated times that the
users of the mobile terminals will arrive at the destina-
tion points, based on the calculated moving velocities of
the mobile terminals and distances from the current
positions ol the mobile terminals to the destination
points;

a required transier rate calculating process of calculating
required data transifer rates necessary for the mobile
terminals to complete download of the pieces of untrans-
mitted data before the users of the mobile terminals
arrive at the destination points, based on times obtained
by subtracting the current time from the estimated times
of arrtval calculated in the arrival time calculating pro-
cess and data capacities of the pieces of untransmitted
data; and

an occupied transier rate calculating process of assigning,
required bandwidths for achievement of the required
data transfer rates to the respective mobile terminals 1n
order of estimated time of arrival to prevent the sum of
the required bandwidths from exceeding a total band-
width of the communication line to thereby calculate
occupied data transier rates to be really used for the
respective mobile terminals based on the assigned
required bandwidths; wherein:

the data transmitting process 1s for transmitting the pieces
of untransmitted data to the respective mobile terminals
through the communication line 1n accordance with the
respective occupied data transfer rates calculated 1n the
occupied transier rate calculating process.
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